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Background: Aim of the present study was to evaluate the occurence of a round window membrane rupture and
the effects of hearing restoration after exploratory tympanotomy and sealing of the round window (niche) in
patients with unilateral sudden deafness.
Methods: Retrospective analysis of patients’ charts in a tertiary referral center. Charts of 69 patients with sudden
deafness followed by exploratory tympanotomy were retrospectively analyzed. Pure-tone audiometry data before
and after tympanotomy were compared to determine the outcome of hearing recovery. The postoperative hearing
test values were documented 3 weeks after tympanotomy. All surgical reports were reviewed with regard to the
surgical technique performed and the intraoperative findings.
Results: 18.8% of the patients revealed a visible perilymphatic fistula in the round window niche. 89.8% of the
patients reported no typical history for a round window membrane rupture. All patients were treated with an
exploratory tympanotomy under local anesthesia and an intravenous corticosteroid treatment regimen. The
majority of the surgeons used a fat plomb to cover the round window. Postoperative hearing was significantly
improved compared to the preoperative hearing test data. No patient showed a worsened hearing curve after the
treatment.
Conclusion: Most patients suffering from unilateral sudden deafness had no visible perilymphatic fistula. In our
study population, the majority of patients reported no typical history of a pressure elevation in the inner ear.
Exploratory tympanotomy is a safe procedure that may support hearing recovery in patients with sudden deafness
in addition to the established treatment regimen including high-dose steroids.Background
Considerable interest has been shown in sudden sensori-
neural deafness in recent years, especially since Simmons
postulated that this could be caused by mechanical dis-
ruption of the membranes in the inner ear [1,2]. The
round window membrane is the only soft tissue barrier
between the middle and the inner ear. The round win-
dow membrane consists of 3 basic layers and is a semi-
permeable membrane. The mean thickness of the round
window membrane of normal temporal bones was found
to be about 67 μm [3].* Correspondence: frank@fhaubner.de
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reproduction in any medium, provided the orA perilymphatic fistula in the middle ear caused by a
deficient round window membrane (RWM) can result in
the symptoms of hearing loss, tinnitus and vertigo, either
solely or in combination. Many of these patients were
supposed to have a predisposing incident with consecu-
tive pressure elevation in the inner ear. Otic barotrauma
is well-documented in air travel [4] and diving accidents
[5], but there are also patients suffering from sudden
deafness related to the rupture of theRWM without any
barotrauma.
While it appears that vertigo uniformly responds very
satisfactorily to operative treatment, the improvement in
hearing loss and tinnitus is more difficult to predict
[6,7]. The degree of hearing loss varies in patients with a
perilymphatic fistula, and the cause of this variability is
not well understood. One factor might be the cochlearal Ltd. This is an Open Access article distributed under the terms of the Creative
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rupture [8].
RWM defects are difficult to diagnose and no con-
sensus of treatment has been reached [9]. There are
different reports of intraoperative findings [10,11] and
diagnostic instruments to visualize a perilymphatic fistula
[10]. Many institutions recommend the exploratory tym-
panotomy, including an obliteration of the round window
niche under local anesthesia [12,13].
Aim of our study was to determine the occurence of
a RWM rupture in patients suffering from sudden sen-
sorineural hearing loss. The outcome and safety of the
exploratory tympanotomy, as well as the material used
to seal the round window, were analyzed.
Methods
Clinical charts of 69 patients with a history of unilateral
sudden deafness between 2004 and 2011 were included
in the study. Ethics was obtained for the entire study by
the Institutional Review Board of the University of
Regensburg (11-101-0232).
Sudden deafness was defined as sensorineural hearing
loss of more than 50 dB HL in three or more contiguous
frequencies in pure-tone audiometry as compared to the
normal hearing ear. There exist several studies concering
the evaluation of the outcome after exploratory tympa-
notomy. Ul-Mulk et al. [14] included patients with
SSNHL of more than 40 dB HL. Other authors report
about 60 dB HL as definition for a unilateral deafness
[15]. Therefore we decided for more than 50 dB HL in at
least three contiguous frequencies as compared to the
contralateral ear to define a severe hearing loss and as
indication for an exploratory tympanotomy.
Pure-tone audiometry (PTA) was used to calculate the
thresholds. To calculate the out-of-limits the PTA value
was set to 120 dB hearing loss. The improvement was
calculated with respect to this value in each frequency.
There was no evaluation of PTA values prior to the
event of sudden deafness. All patients were treated sim-
ultaneously with high-dose steroids. The exploratory
tympanotomy was performed within 48 h after diagnos-
ing the severe hearing loss if no improvement of hearing
was observed.
Clinical presentation including vertigo and tinnitus
was documented, but the indication for surgery in all
cases was the hearing loss. The complete medical history
including noise exposure was reviewed.
The surgical reports with respect to the intraoperative
findings and the detailed technique of round window
obliteration were analyzed.
All patients obtained an exploratory tympanotomy
under local anesthesia and received a sealing of the
round window niche. The procedures were done via an
endaural approach to the middle ear after raising atympanomeatal flap. Using the operation microscope, the
chorda tympani was preserved and the auditory ossicles
were inspected. In some cases it was necessary to remove
parts of the lateral attic wall to obtain a complete over-
view of the stapes foot plate and the round window
niche. The round window membrane is mostly hidden in
the depth of the round window niche. That is why false
membranes und mucosal folds were removed by the sur-
geons routinely. Drilling bony overhangs was not part of
the procedure regulary.
A clearly visible rupture of the RWM with persisting
fluid in the round window niche after suctioning was the
criterion for a “definite fistula”. Due to the difficulties to
categorize a definite fistula in case of missing overview
of the complete RWM, the category of “doubtful fistula”
was integrated to the study according to Maier [15] for
subjects with persisting fluid in the round window niche
instead of suctioning.
All procedures were done by three experienced oto-
logical surgeons who used the criteria mentioned above
for their diagnosis.
Statistical analysis was done using the Wilcoxon-Test
for the PTA data. Correlations were determined by the
Chi-square test.
Results
Patients’ characteristics
69 charts of patients with a suspected round window
membrane rupture were analyzed between 2004 and
2011. The mean age was 56.9 years (17 to 92 years).
30 females and 39 males were included into the study.
56.5% of the cases showed a hearing loss on the left
side. 43.5% of the patients had impaired hearing on the
right ear. With respect to the whole study population,
44.9% reported vertigo and 50.7% reported a new mani-
festation of tinnitus.
89.8% percent of the patients had no typical history
for a round window membrane rupture. 10.2% of the
patients reported a typical history with physical exercise
(3/69), diving (1/69), head trauma (2/69) or noise exposure
(1/69) coinciding with the start of complaints (Table 1).
Correlation analyses
There was a significant correlation (p=0.001) of the age
and the amount of the preoperative hearing loss on the
affected ear (pearson coefficient=0.467), as well as of the
age and the postoperative hearing on the affected ear
(pearson coefficient=0.363).
There was no statistically significant association be-
tween the medical history for a round window membrane
rupture and the intraoperative finding (p=0.3). There was
no significant correlation of the history of the patient and
the diagnosis of tinnitus (p=0.4) or vertigo (p=0.4) pre-
operatively. There was also no association between the
Table 1 Characteristics of patients and their
neurotological findings (n=69)
Patient Typical history Side of
hearing loss
Vertigo Tinnitus
1 No Left Yes Yes
2 No Right no Yes
3 No Left Yes No
4 No Left No Yes
5 No Right No Yes
6 Head trauma Right No Yes
7 No Right Yes No
8 Physical Exercise Right No Yes
9 Noise Right Yes No
10 Diving Left No Yes
11 No Right Yes Yes
12 No Left No Yes
13 No Right No Yes
14 No Left Yes Yes
15 Physical Exercise Left No No
16 No Left Yes No
17 No Left No No
18 No Right No No
19 No Right No No
20 No Left Yes No
21 No Right Yes Yes
22 No Left No Yes
23 No Right No Yes
24 No Left Yes No
25 No Right No No
26 No Left No Yes
27 No Right No No
28 No Left Yes Yes
29 No Left Yes No
30 No Left No No
31 No Left Yes Yes
32 No Left No No
33 No Right Yes No
34 No Left No Yes
35 No Left No Yes
36 No Right No No
37 No Left Yes Yes
38 No Left Yes No
39 No Left No No
40 No Left Yes No
41 No Left No No
42 No Right Yes Yes
43 No Left No No
Table 1 Characteristics of patients and their
neurotological findings (n=69) (Continued)
44 No Left Yes Yes
45 No Left Yes No
46 No Left No Yes
47 No Right Yes Yes
48 No Left No Yes
49 No Right Yes No
50 No Right No Yes
51 No Right No Yes
52 No Left Yes No
53 No Right No No
54 No Left Yes Yes
55 Physical Exercise Left No Yes
56 No Right No Yes
57 No Left Yes No
58 No Right Yes Yes
59 No Right Yes No
60 No Right No No
61 No Left Yes No
62 No Left No Yes
63 No Right Yes No
64 No Left No No
65 No Right No Yes
66 No Left No No
67 No Right No Yes
68 No Left Yes No
69 Head trauma Right Yes Yes
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intraoperative finding of a perilymphatic fistula.
Analysis of intraoperative findings and surgical
techniques
The evaluation of the surgical reports revealed no fis-
tula in 59.4% of the cases, a definite sign of round
window membrane rupture with clear fluid in 18.8% and
a doubtful perilymphatic fistula in 21.7% of the patients
(Figure 1). All patients obtained an exploratory tympa-
notomy under local anesthesia and received a sealing of
the round window niche. The procedures were done via
an endaural approach to the middle ear after raising a
tympanomeatal flap. Using the operation microscope, the
chorda tympany was preserved and the auditory ossicles
were inspected. In some cases it was necessary to remove
parts of the lateral attic wall to obtain a complete over-
view of the stapes foot plate and the round window
niche. 81.2% of the patients were treated with a fat seal
and 11.5% with a sealing built of fibrous soft tissue like
no fistula
doubtful fistula
definite fistula
Figure 1 Statistical evaluation of intraoperative findings with
respect to the operation reports of 69 patients.
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combinations of soft tissue and fat as well as combina-
tions with fibrous glue were used to cover the round win-
dow membrane (Table 2). The three patients covered
with fibrous glue showed an improvement of hearing of
more than 20 dB. Due to the small sample size there
was no significant correlation between the different
techniques and the outcome.
All patients were simultaneously treated with intraven-
ous steroids starting with 500 mg prednisone following a
reduction scheme over 12 days.
Postoperative evaluation (after 3 weeks)
Hearing was improved by more than 20 dB in 43% of the
cases. In 18 patients (26%) there was no improvement in
hearing observed. 31% of the patients showed a minor
improvement in hearing between 5 dB and 20 dB. Post-
operative hearing was significantly improved as com-
pared to the preoperative PTA data (Figure 2, Table 3).
In the group of subjects with the intraoperative finding
of a definite perilymphatic fistula, 7 patients (53%) showed
an improvement in hearing of more than 20 dB post-
operatively. The latter 10 subjects in this group revealed
no change in hearing after the tympanotomy and none
suffered from a worsening in hearing after the treatment.
Bone and air conduction were evaluated 3 weeks after
surgery. There was no worsening observed postopera-
tively. 17 patients (41%) with no fistula improved by
more than 20 dB after the treatment. There was no sig-
nificant difference in hearing recovery between the
groups of definite, doubtful and no round window mem-
brane rupture.Complications related to the exploratory tympanotomy
(e.g. facial nerve injury, change in sense of taste, per-
sistent tympanic membrane perforation) could not be
observed.
Discussion
Sudden sensorineural hearing loss (SSNHL) is a severe
impairment for the affected person. Over the past dec-
ades, no specific treatment regimen could be estab-
lished [16]. One reason for that might be the fact that
the majority of patients with an idiopathic sensorineural
hearing loss show a high recovery rate even with no spe-
cific treatment [17]. Exploratory tympanotomy was often
indicated for the management of SSNHL occurring in
the context of head trauma, barotrauma and chronic
otitis media with cholesteatoma and in patients with
congenital inner-ear abnormalities [17,18]. Especially for
patients after a diving accident, there is a clear indica-
tion for performing an exploratory tympanotomy [19].
But it remains unclear whether patients with no typical
history for a round window membrane rupture benefit
from this procedure. There are a few retrospective stud-
ies that analyzed hearing after tympanotomy [14,15,20].
Selmani et al., who performed an endosopic inspection
of the middle ear cavity, observed no perilymphatic fis-
tula in 265 cases of patients with SSNHL and vertigo
[21]. With respect to the well-established microsurgery
of the middle ear and the possible infection during a
middle ear endoscopy, we prefer the better visualization
of the round window membrane via the operation micro-
scope. Reports of patients who underwent an exploratory
tympanotomy in our institution due to sudden deafness
over the last 6 years were retrospectively analyzed. There
was only a minority of 10% of patients with a typical his-
tory of increased inner ear pressure with respect to the
onset of symptoms. This is in contrast to Taylor et al.,
who reports 18 of 20 patients with a history of pressure
elevation in context with the hearing loss [22]. A similar
retrospective study by Maier et al. reports 22% of patients
had a typical history of perilymph fistula [15]. We
observed intraoperatively definite round window mem-
brane ruptures in about 20% of the cases. This is in con-
trast to Arndt et al. [11], who documented a spontaneous
perilymph fistula in 60% of their study population. Maier
et al., who analyzed the same categories of intraoperative
findings (fistula, no fistula and doubtful fistula), found a
definite fistula in 35% and no fistula in 37% [15].
Assessment of perilymphatic fistulas remains a diag-
nostic problem. In our study we had a rate of 22% of
doubtful fistulas. Visualizing the round window mem-
brane often demands the removement of false mem-
branes and bony ridges. Exact data on this technical
detail were not possible to evaluate retrospectively in all
cases. Indirect signs as the observation of persisting fluid
Table 2 Intraoperative findings according to the
categories: fistula, no fistula and doubtful fistula
Patient Intraop finding Material Improvement
of hearing
1 fistula fat < 20 dB
2 no fistula fat > 20 dB
3 doubtful fistula fat > 20 dB
4 doubtful fistula fat no change
5 no fistula fat > 20 dB
6 fistula fat < 20 dB
7 doubtful fistula fat > 20 dB
8 fistula fat < 20 dB
9 fistula fat < 20 dB
10 doubtful fistula fat > 20 dB
11 doubtful fistula fat > 20 dB
12 no fistula soft tissue > 20 dB
13 no fistula fat > 20 dB
14 fistula fat < 20 dB
15 no fistula fat < 20 dB
16 doubtful fistula fat > 20 dB
17 no fistula soft tissue and
fibrin glue
> 20 dB
18 no fistula fat > 20 dB
19 doubtful fistula fat > 20 dB
20 doubtful fistula fat < 20 dB
21 no fistula fat < 20 dB
22 doubtful fistula fat no change
23 no fistula fat > 20 dB
24 no fistula fat > 20 dB
25 no fistula soft tissue < 20 dB
26 no fistula fat < 20 dB
27 doubtful fistula fat < 20 dB
28 doubtful fistula fat no change
29 doubtful fistula fat > 20 dB
30 doubtful fistula soft tissue > 20 dB
31 no fistula fat > 20 dB
32 no fistula soft tissue > 20 dB
33 fistula fat > 20 dB
34 no fistula fat < 20 dB
35 no fistula fat no change
36 no fistula fat < 20 dB
37 fistula fat no change
38 no fistula fat < 20 dB
39 no fistula fat < 20 dB
40 no fistula fat and soft tissue < 20 dB
41 no fistula fat > 20 dB
Table 2 Intraoperative findings according to the
categories: fistula, no fistula and doubtful fistula
(Continued)
42 no fistula fat < 20 dB
43 no fistula fat < 20 dB
44 no fistula fat no change
45 no fistula fat no change
46 no fistula fat > 20 dB
47 no fistula fat < 20 dB
48 no fistula fat > 20 dB
49 no fistula fat and soft tissue < 20 dB
50 no fistula fat no change
51 no fistula soft tissue > 20 dB
52 no fistula fat < 20 dB
53 no fistula fat < 20 dB
54 doubtful fistula soft tissue > 20 dB
55 no fistula fat < 20 dB
56 fistula fat and fibrin glue > 20 dB
57 fistula fat > 20 dB
58 no fistula fat > 20 dB
59 fistula fat > 20 dB
60 no fistula fat > 20 dB
61 no fistula fat > 20 dB
62 no fistula soft tissue no change
63 doubtful fistula fat > 20 dB
64 fistula fat > 20 dB
65 no fistula soft tissue > 20 dB
66 no fistula fat < 20 dB
67 fistula fat and fibrin glue > 20 dB
68 fistula fat > 20 dB
69 no fistula fat no change
Material used to cover the round window niche and postoperative hearing
improvement (n=69).
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a criterion for the diagnosis of a doubtful perilymphatic
fistula in the present study.
Whether other methods such as intrathecal fluorescein
for perilymph staining are useful in this issue is still un-
clear [23]. Poe et al. analyzed the value of intravenous
fluorescein applications in an animal model and con-
cluded that the administered fluorescein causes dramatic
fluorescence of vessels and transudates that may be
interpreted falsely as fluorescence of perilymph [24].
Only 4 of our patients with a definite or doubtful fistula
reported a typical history. One conclusion concerning
this observation might be that the patients’ history does
not predict the finding of an intraoperative round win-
dow membrane rupture. Thus the anamnesis concerning
dB
 M
HL
Figure 2 Mean hearing loss (MHL) pre- and postoperatively: Mean values in dB HL were calculated for 500 Hz, 1000 Hz, 2000 Hz and
4000 Hz. Box plots include median, 25%/75% percentile (boxes) and minimum/maximum values (whiskers). (n=69, p<.,001).
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surgery.
18 patients (26%) had no hearing improvement in the
control examination after 3 weeks in our study popula-
tion. This result is similar to Gedlicka et al. [20], who
performed a retrospective study with 60 patients after
tympanotomy and found no improvement in 33% of
their patients.
There was a correlation between the age and the pure-
tone audiometry values, which demonstrated that older
people had a more severe impairment of hearing pre-
and postoperatively. There was no correlation between
the history of the patient, the intraoperative finding and
the diagnosis of tinnitus or vertigo preoperatively. That
means that we could not predict the finding of a peri-
lymphatic fistula. The analysis of our pre- and postopera-
tive pure tone audiometry values revealed significantly
improved hearing postoperatively. Almost half of the
patients had an improvement of their mean averageTable 3 Mean values of hearing loss (MHL) pre- and
postoperatively with respect to the PTA values in 500 Hz,
1 KHz, 2 kHz, 4 kHz
500Hz 1KHz 2KHz 4KHz
MHL preop (dB HL) 90,6 92,1 93,8 96,0
MHL postop (dB HL) 59,4 66,2 78,2 80,5hearing loss by more than 20 dB. This result might be
due to tympanotomy and the covering of the round win-
dow niche. But we have to consider other possible effects:
All patients were simultaneously treated with intravenous
steroids starting with 500 mg prednisone following a re-
duction scheme over 12 days. Also placebo effects and a
spontaneous recovery have to be mentioned and could
not be excluded. There is also a possible bias because
only patients who consented to perform surgery were
included to this study. A generally accepted definition of
what constitutes improvement or recovery after a SSNHL
is not existingamong studies and reports. One interpret-
ation is an improvement of 20 dB in pure-tone audiom-
etry [25] as chosen in the present study. Other authors
use an improvement of 30 dB as definition for a relevant
hearing recovery [26].
With respect to these limitations, exploratory tympanot-
omy seems to be a safe procedure, because none of the
patients suffered from any major complications or a wor-
sening of hearing afterwards. Concerning the technical
issues, most of the surgeons at our institution used fat
sealing to cover the round window niche. A variety of
other techniques including fat-fibrin-glue [9] and postauri-
cular collagen tissue [27] is described in the literature.
The occurence of a round window membrane rupture
in SSNHL patients was under 20% in our study popula-
tion. The patients’ history did not predict the finding of
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Thus the anamnesis concerning a predisposing incident
is not a reliable indication for the surgery.
We found no correlation between the hearing recov-
ery of SSNHL patients with and without perilymphatic
leak. Nevertheless, exploratory tympanotomy is a safe
procedure that might be a useful addition to high-dose
steroids in severe cases of SSNHL. With respect to our
results an exploratory tympanotomy should be consid-
ered for patients with no improvement of hearing within
48 h after treatment with high-dose steroids and a
SSNHL of more than 50 dB HL in three contiguous fre-
quencies. Further prospective studies that compare dif-
ferent treatment regimens are necessary to identify the
benefit of an exploratory tympanotomy in patients with
sudden deafness.
Conclusion
Most patients suffering from unilateral sudden deafness
had no visible perilymphatic fistula. In our study popula-
tion, the majority of patients reported no typical history
of a pressure elevation in the inner ear. Exploratory tym-
panotomy is a safe procedure that may support hearing
recovery in patients with sudden deafness in addition to
the established treatment regimen including high-dose
steroids.
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